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In previous papers, we reported the pharma-
cological and histochemical properties of the
eccrine sweat glands of the mongoose lemur and
the changes that occur in these properties after
denervation (1, 2). Only some of the data that
we obtained in that animal somewhat resembled
the data obtained in man.
In this study we have used the green monkey
(Cercopithecus aethiops), a common anthro-
poid primate, repeating the work which we had
done previously on the mongoose lemur, with
the expectation that the results would resemble
those obtained in man. We report here the
changes in the patterns of sweating activity,
and in the enzymes in the sudorific nerve fibers
after the peripheral nerve trunks were sec-
tioned. We have also followed the course of
reinnervation of the sweat glands.
METHODs
All of these observations were made on the cc-
erine sweat glands in the volar surface of the
hands of 3 adult male, and 3 female green mon-
keys, weighing 1.8 to 3.7 kg. Two of the females
were subadolescent.
In order to section the peripheral nerves the
animals were deeply tranquilized with 1-( 1-phenyl-
cycolhexyl)piperdine hydrochloride (Sernyl) in
doses of 0.4 to 1.8 mg/kg body weight. The distal
branches of the ulnar, median and radial nerves
were exposed on the volar surface of the wrist and
severed cleanly. The pcrineurium at the severed
ends of both stumps were stitched together with
silicone-treated silk thread. In 2 animals, a sleeve
of Millipore filter, 7 to 8 mm wide (0.45 z pores)
was wrapped around the sewn stumps to facilitate
regeneration (3). The left hand of each animal
was not treated, and served as a control.
The responsiveness of eccrine sweat glands
to sudorific drugs was studied on the surface of
the hand after intradermal injections of 0.02 ml
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acetyl-f3-mcthylcholine (mecholyl, Merck), in con-
centrations of 10-", 10, 10", of 1-adrenaline
(Merck), and of nicotine base (K & K Labora-
tory) in a concentration of 10g. Injection was
made within less than 2 sec. The drugs were
freshly prepared in 0.85% physiological saline
just before they were injected.
To study spontaneous sweating, small doses of
Sernyl were used. The sweat responses to sudor-
ific drugs were studied in heavily tranquilized ani-
mals since large doses of Sernyl usually stop
spontaneous sweating.
Fingers were tied loosely with shoe laces onto
a board in an extended position so as not to in-
terfere with the blood circulation. Sweating was
recorded with the bromphenol blue printing paper
(1, 2) applying it onto the surface of the finger
tips or palms with a soft sponge. The skin surface
was always wiped dry with cotton ball immedi-
ately before printing. To see whether or not
spontaneous sweating occurs in the dcnervated
hands, the printing paper was pressed for as
long as 30 minutes. The responses to mecholyl and
adrenaline were recorded at 1, 3, 5, 7 and 10
minutes after the start of injection and every 5 to
10 minutes thereafter, pressing the paper upon
the surface for one minute. Axon reflex sweating
which wanes more quickly than that produced by
mecholyl, was recorded at 30 sees, 1½ minutes and
3 minutes after the start of injection of nicotine,
pressing the paper for one minute. Sweat is re-
corded as blue spots on an orange-yellowish back-
ground. Sweat responses to drugs were examined
immediately after denervation, 24 hours, 2, 4 days
later, and at 5-week intervals thereafter on the
pathological hand as well as on the normal hand.
Concurrently with the observations on sweat-
ing activity, small specimens of the skin were re-
moved from the operated hands as well as from
the corresponding normal hands. Acetylcholinc-
sterase and butyrylcholinesterase were demon-
strated with the method of KoclIe and Frieden-
wald (4) as modified (5) and Montagna and Ellis
(6). Eighty ji frozen sections of unfixed tissues
were kept 3 hours in the incubating medium
buffered to pH 5.9. For the purpose of differenti-
ation of both enzymes, butyrylcholinesterasc was
inhibited by preincubation in Diisopropylfluoro-
phosphate 10-°M.
nasuLTs
Spontaneous sweating
Immediately after the peripheral nerves were
sectioned, spontaneous sweating was no longer
detected in any of the 6 animals. The skin
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temperature of the denervated hands rose soon
after the operation and remained higher than
in the control hand for 3 weeks. The surface of
the denervated hand gradually appeared to be
scaly and reverted to normal in later periods of
experiment.
After 5 weeks one of the 6 animals reat-
tamed slight spontaneous sweating on the
proximal area of the palm, hut the sweat spots
were scanty and unevenly distributed on the
printing paper. Ten weeks after denervation all
6 animals began to exhibit spontaneous sweat-
ing over the palm. Some sweat spots were also
detected on the surface of the fingers, but since
we had removed numerous biopsy specimens
from the finger tips, we cannot describe the
results accurately. On the palms, the sweat
spots were further apart than on the normal
hand, and in 3 animals the sweat spots were
larger on the printing paper than those ob-
tained from the normal hand. The sweat im-
printings in these 3 cases were more distinct
and darker then those from the control hand
(Figs. 1, 2). The distance between the site of
nerve sectioning and the distal ridge of the
palm, where spontaneous sweating reoceurred at
10 weeks after operation was about 4.5 to 5.5
cm. After 15 weeks, spontaneous sweat spots
appeared again throughout the volar surfaces
of the operated hands. Two of the 3 animals
which, after 10 weeks, had shown the darker
imprints of sweat spots in the operated hands
continued to show larger spots than on the
normal hand after 15 weeks. When recovery
was complete, the density of sweat spots and
their pattern of distribution were about the same
as those on the normal hand.
Sweat response to mectiotyt
In the normal hand, the most intense sweat
response to mecholyl was always recorded on
the first imprint made one minute after injec-
tion; thereafter the response decreased gradu-
ally. Sweat responses to 10° mecholyl lasted
10 to 20 minutes and those produced by con-
centration of 10 lasted 5 to 10 minutes. The
concentration of 10_S was effective only in 14 of
the 42 trials, and the response disappeared in
less than 3 minutes.
The patterns of sweating responses during
the early periods were not uniform. In a rela-
tively aged animal, sweat responses were
completely abolished immediately after dener-
vation end remained negative up to 5 weeks. In
another ease, a young, pre-adoleseent female
animal, the response to meeholyl soon after and
during several days after denervation was simi-
lar to that of the normal hand; there was a
gradual delay in response and an extension in
lasting-time of sweating. After one week, how-
ever, responses to meeholyl ceased.
Ten weeks and fifteen weeks after operation
the glands in all 12 eases responded to
meeholyl. In 5 of 6 animals, the sweat records
obtained from the site of injection of 106
meeholyl were more intense sweat than those
obtained in the normal hands. Furthermore,
the duration of the response was prolonged to
20 or 25 minutes in all eases. Responses to a
concentration of 10 were, in all eases, clearly
positive, and they lasted for 3 to 10 minutes.
Thus, stronger response to mecholyl apparently
occurred in the course of reinnervation of the
sweat glands.
Sweat response to adrenaline
In all normal hands, 10-' adrenahne produced
sweating, but the amount of sweat was con-
siderably smaller than that produced by
niecholyl, and it was not always constant. The
duration of sweating was not definite; in some
cases it persisted as long as 20—25 minutes after
an injection. The responses after denervation
were practically analogous to those produced
by mecholyl; when the response to meeholyl
was positive, that to adrenaline was also posi-
tive. We could not record accurately the pat-
tern of sweat response to the drug after dener-
vation because even the sweat response in the
normal hands was not constant.
Axon reflex sweating produced by nicotine
The axon reflex mechanism was studied using
the band method of Wada et al and injecting
nicotine intradermally.
An intradermal injection of 10' nicotine in-
duced immediate, profuse sweating around the
injection site in the normal hand. The degree of
sweating 30 seconds after the injection, as re-
corded for one minute on the printing paper,
was almost the same as that produced one
minute after the injection of 106 or 10'
meeholyl. Sweat prints obtained 2 minutes
after the injection were very weak, and those
made at 3½ minutes later were usually nearly
negative. The sweating response was reduced
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FIG. 1. Imprint of spontaneous sweating in the palm of a normal hand. The sweat spots are
small and crowded together on the gyri of the tori. This imprint and that shown in figure 2
were made on bromphenol blue paper.
FIG. 2. Sweat imprints on the palm of a hand in which the severed nerves have re-
generated. The sweat spots are somewhat sparser than on the normal hand and individually
larger.
two days after nerve section, and could not be ase (Figs. 4, 5). Numerous fibers encircle the
induced completely after 4 days. secretory tubules forming basket-like mesh-
works, among which can be seen some straightCholznesterases in the nerve fibers around the .fine fibers, parallel to the long axis of the
eccrzne sweat glands tubules. Both enzymes could be demonstrated
The nerve fibers in the normal hands contain in the nerves two days after denervation, but
both acetylcholinesterase and butyrylcholinester- not one week later. Meissner's corpuscles, how-
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Fie. 3. Section of a finger tip showing intense acetyicholinesterase activity in the nerves
around the gland and in the Meissner corpuscles.
Fie. 4. Butyryicholinesterase in a section of a finger tip. The reaction, though strong, is not
as intense as that of acetyleholinesterase. Compare with figure 3.
ever, still contained both enzymes several weeks
later (Fig.6).
The degeneration of nerve fibers could be
traced by a rapid disappearance of the
cholinesterases in them. The regeneration and
reinnervation of the sweat glands was similarly
traced by the reappearance of the enzymes in
the later periods of the experiment, beginning
10 weeks after nerve section, when sweating
responses also reappeared. After 10 weeks,
histochemical preparation of both eholinesterases
showed some of the sweat glands partially
reinnervated. The amounts of eholinesterases,
however, were less than in normal tissues and
the sudorifie nerve network was coarse and
simple (Fig. 7). After 15 weeks the sudorific
nerve fibers around most of the sweat glands
had formed much more complex basket-like
networks which, however, were finer than those
around the glands of the control hand (Fig. 3).
OI5CUS5TON
s\re have reported earlier a study of the
physiology of the eccrinc glands of Lemur mon-
par, a relatively primitive primate. We men-
tioned in that paper that, a) the sudorifie nerve
fibers contain neetyleholinesterase and no bu-
tyryleholinesterase, b) the pattern of sweat
FIG. 5. Detail of a secretory segment of a sweat gland showing the presence of copious
aeetylcholinesterase in the nerves around it.
Fio. 6. One week after nerve section there is no eholinesterase in the nerves around the
sweat glands.
FIG. 7. Ten weeks after nerve section the regenerated nerve fibers reactive in aeetyleholin-
esternse around the glands are coarse and simple.
FIG. 8. Fifteen weeks after nerve section a basket-like network of regenerated nerves sur-
rounds the glomerate segment of a gland. The nerve fibers reactive in aeetyleholinesterase, are
finer than those around normal glands but much more complex.
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responses to drugs is similar to that of man,
and e) alter denervation these responses are
analogous to those found in the cat in that the
sweating is still produced by eholinomimetie
agents (7, 8, 9).
In contrast, in the green monkey diminution
and total disappearance of sweat responses to
mecholyl alter denervation correspond to what
has been found in the skin of man (10—16). The
delay and prolongation of sweat responses
which developed in one animal during several
days after denervation resembled the results
obtained previously in the lemur. This green
monkey, however, was relatively young, and it
sweated spontaneously more readily than the
older individuals did. In the older animals,
which had little spontaneous sweating, the glands
became insensitive to meeholyl almost immedi-
ately after denervation. TIns suggests that the
change in the responsiveness to drugs after
denervation depends upon the basal condition
of the sweat gland.
Since sweat response to meeholyl could not
be induced after denervation, perhaps meeholyl
or other parasympathomimetie drugs could
operate by way of the nerve fibers, as List and
Peet (10) speculated. Yet, one must consider
the suggestion of Randall and Kimura (17)
that the destruction of nerves might induce
subtle changes in the structure and/or function
of the glands which could render the sweat cells
incapable of responding to sudorifie agents.
In the stage of reinnervation of the glands,
some spots of spontaneous sweating detected on
the printing paper were somewhat larger in size
and more intense in coloring than on the control.
Sweat responses to meeholyl were more intense
than they had been before the operation and
also there was an extension of duration in
sweating. This does not indicate supersensitivity
such as that which develops in any other organs
after denervation (18). However, it may be of
interest that in the present experiments spon-
taneous sweating on the reinnervated hand ex-
ceeded that on the normal side. Mellinkoff and
Mellinkoff (19) observed an increase in sweat-
ing in supposedly traumatized human skin.
Such hyperbydrosis and the phenomenon so-
called perilesional hyperhydrosis (20) pre-
sumably would be explained by findings of the
present experiment. It should be also noted
that the structure of the nerve network around
the sweat glands was coarse and became much
more complex than the normal one in a later
period. However, the amount of eholinesterases
was less than in normal tissue through the period
of reinnervation when spontaneous sweating ex-
ceeded the preoperative grade, and the sweating
produced by meeholyl was more intense than in
the normal hand.
The rate of regeneration of the nerve fibers
to the sweat glands is estimated at about 5 em
for 10 weeks (20). There was found no differ-
ence in the speed of regeneration between the
nerves that were wrapped with Millipore and
those which were not.
Axon reflex sweating induced by intradermal
injections of nicotine was identified with the
band method of Wada et al (21) which pre-
vents the spreading of agents from the side of
injection to the other; sweating occurred also
beyond the band, showing the existence of a
local nervous mechanism. If mecholyl was in-
jected using band method, sweating was always
restricted to the injection side of the band.
Axon reflex sweating could be elicited for 2
days, and no more than 4 days after denervation.
At this time there was also a disappearance of
the eholinesterases in the nerve fibers around
the glands. Perhaps, then, the integrity of
eholinesterases in sweat nerve fibers may play
a role in conducting the impulses responsible
for the axon reflex to the effeetor organ. The
time required for the disappearance of the
enzymes from the nerve fibers after they have
been severed is about the same as that which
we found in the lemur (2), and that found by
Sawyer (22), and Erlanger and Sehoepfle (23)
in other animals.
The sudorifie nerve fibers of humans contain
only aeetyleholinesterase (24—28), whereas those
of the eat, which is a more primitive mammal
have only butyryleholinesterase (29). On the
basis of our experiments, nerve fibers of Lemur
mongoz, a relatively primitive primate, were
found to contain only acetyleholinesterase as in
humans (2), whereas those of the green mon-
key, a common anthropoid primate, were found
to have both eholinesterases. It is evident that
in numerous species differences occur. To learn
what differences exist in the enzyme system and
what responses to pharmacological agents after
denervation are, and before we can come to
some understanding of their significance, fur-
ther comparative anatomy and physiology will
be required.
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SUMMARY
Spontaneous sweating ceased immediately
after the nerves to the hands were severed at
wrist portion in green monkey. Sweating began
to reappear 10 weeks after denervation and was
fully restored after 15 weeks. After denerva-
tion, mecholyl became increasingly less effective
and failed to induce sweating after one week.
Ten weeks after the operation, when the glands
were clearly reinncrvated, the sweat response
to mccholyl became somewhat more evident
than that before the denervation. The behavior
of the glands in the response to adrenaline in
normal and operated hands, and that before
and after reinnervation had occurred are
similar to those in the response to mecholyl.
The axon reflex mechanism produced by nico-
tine disappears within 4 days after dencrvation.
The glands were found to be surrounded by
nerves rich in both acctylcholinestcrasc and
butyrylchohncsterase. These enzymes disap-
peared in about 4 days after denervation and
reappeared after 10 weeks, when the glands be-
came again functional and reactive to sudorific
drugs.
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